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Geologic Mapping of Nebraska
Old Rocks, New Maps, Fresh Insights
R. M. Joeckel, R. F. Diffendal Jr., P. R. Hanson, and J. T. Korus

ABSTRACT—Geologic mapping in Nebraska and environs is an ongoing endeavor that has spanned more than 170 years, involved
dozens of scientists, and evolved through many changes. Digital mapping has risen to dominance in the state only since 1996.
Geologic mapping in Nebraska today concentrates on surficial mapping, which emphasizes materials exposed at the land surface
and their relationships with landforms, and which is particularly relevant because non-bedrock geologic materials (regolith) lie
at the surface across at least 87% of the state. Moreover, surficial geologic maps assist the understanding of groundwater and sand
and gravel resources, to name a few applications. The statewide bedrock map of Nebraska, which dates to 1986, remains an important and widely used geologic map, but it needs to be revised. Notwithstanding, when contemplated deeply, Nebraska’s statewide
bedrock map reveals that (1) effects of gentle geologic structure, mainly those that came to be in the past 80 million years, can be
discerned, and (2) some aspects of the map patterns (not the mapped sedimentary rocks per se) probably predate the beginning
of the Pleistocene Epoch, about 2.6 million years ago. The geologic mapping of Nebraska, however, is far from completed.
Key Words: bedrock, geologic history, landforms, surficial geology

Introduction

ic maps employ scientific methods just as much as any
endeavor in the sciences does, even though mapping is
not commonly credited in this regard. What is more,
geologic maps remain forms of art, so much so that they
have been referred to as “the prettiest information resources” (Swoger 2013) of all. Nevertheless, for all that
they are and all the insights that they can provide, geologic maps are either unknown to, or underappreciated
by, most of society.
Geologic maps convey information about the distribution, nature, and age relationships of Earth materials, which can be subdivided as rock and regolith, the
latter being the wide range of loose or unconsolidated
materials overlying intact bedrock, including heavily
weathered bedrock, soils and soil parent materials, and
deposits laid down by wind, water, glacial ice, and mass
movements such as landslides. Geologic maps can depict either bedrock alone, regolith alone, or both simultaneously. They may also depict or explain:

In this article we explore the past, present, and future of
geologic maps and mapping in Nebraska and adjacent
parts of the Great Plains and Central Lowland. We also
describe developments that will improve geologic mapping, contemplate existing maps to achieve new insights,
and describe new discoveries that have been made in the
process of mapping Nebraska’s geology.
Geologic maps are complex, dynamic, and sitespecific scientific hypotheses about our physical environment, drawn at an established scale and according
to certain technical standards. They are produced today
by a combination of field and computer work, the latter
aspect having grown markedly in importance merely in
the last two decades (e.g., Mookerjee et al. 2015; Chan
et al. 2016). Geologic maps can now include laboratory
data as well. The execution and evaluation of geolog-

Great Plains Research 28 (Fall 2018):119–147. Copyright © 2018 by the
Center for Great Plains Studies, University of Nebraska–Lincoln

1. Geologic structures, such as folds, faults, and joints,
among others. Indeed, several long faults have been
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mapped in Nebraska, particularly in the southeastern
(e.g., Humboldt and Union faults) and northwestern
corners of the state, where bedrock exposures are more
common. Other mappable faults no doubt exist in the
state but are covered by regolith.
2. Energy resources and industrial and ore mineral
deposits and their locations. One example relevant in
the recent economic development of Nebraska is the Elk
Creek carbonatite (Johnson and Pawnee Counties)—a
buried igneous rock body containing rare-earth elements
and the alloying metal niobium. Likewise, petroleumproducing areas have been mapped in Nebraska and
elsewhere across the Great Plains. Industrial mineral resources such as limestone (for aggregate, riprap, cement,
agricultural lime, etc.), clays (for brick, tile, and other
uses), sand and gravel (for construction, aggregates, and
nowadays even hydraulic fracturing), and many other
commodities can and should be portrayed on geologic
maps. Limestone, clays, and sand and gravel are commodities of specific economic importance in Nebraska.
3. Groundwater conditions, such as the geographic
distribution of aquifers and confining units, water-table
elevations (relative to unconfined aquifers), the potentiometric surfaces of confined aquifers, and the direction
of groundwater flow. Annual maps of water-level changes
have proven to be very useful for water management in
Nebraska.
4. Geologic hazards, including, but not limited to,
seismicity (earthquake potential) and mass movements,
such as landslides. There are also hazardous minerals,
such as the fibrous zeolite known as erionite
(Ca5[Si26Al10O72] · 30H2O), which exists only in
particular kinds of rocks and which is known to cause
mesothelioma (Kliment et al. 2009; Van Gosen et al.
2012). Radon gas, naturally produced by the radioactive
decay of uranium, qualifies as a geological hazard as well,
and its occurrence can certainly be related to the mapped
distributions of specific bedrock strata (such as a number
of named and regionally correlated thin, black, uraniumand phosphate-bearing shales in the Pennsylvanian
and Permian systems, and the thick and widespread
Cretaceous Pierre Shale), some surficial sediments, and
particular kinds of soils, all of which can produce radon
(e.g., Schumann 1993; Lyle 2007). So, too, naturally
occurring contaminants in groundwater, such as arsenic
and uranium (e.g., Gosselin et al. 2006; Nolan and Weber
2015), have a genetic association with particular bodies
of Earth materials, and their distribution is mappable
in multiple ways. All of the aforementioned geologic
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hazards, among others, present some level of risk in
various parts of Nebraska and can be represented in some
way on geologic maps.
5. Conditions and parameters that are relevant to various
forms of waste disposal. Nebraska’s controversial, abortive, and ultimately costly participation in the Low-Level
Radioactive Waste Compact during the years 1983–2004
(e.g., Benford et al. 1993; Cragin 2007; O’Hanlon 2011)
involved extensive geological investigations that emerged
from, and contributed to, mapped geological data.
6. Conditions and parameters that are relevant to the
siting of infrastructure and facilities. We note that the
Keystone XL pipeline extension has been a particularly
sensitive issue in Nebraska.
7. Diverse other information (landforms and their relationships with Earth materials, fossil distributions, etc.).

Traditional geologic maps may include, in addition
to a narrative, one or more vertical cross-sections downward from the Earth’s surface to some key depth, thereby
depicting changes in the thicknesses and structural relationships of strata beneath a region that may not be obvious in map view alone. Such protocols in making and
presenting geologic maps are rooted in two centuries
of tradition. Moreover, the activity of geologic mapping
has a rich history in Nebraska and in the North American interior. This history illustrates general trends in the
development of the science of geology, in technology,
and in societal needs that began before Nebraska was
organized as a territory in 1854.

History of Geologic Mapping
in Nebraska and Environs
Humans have been utilizing geologic resources for more
than three million years (Harmand et al. 2015) and they
probably had mental or cognitive maps of the locations
of those resources (e.g., Graham 1976). Physical maps
depicting geographic and geologic features appeared by
1150 BCE in the circum-Mediterranean region (Harrell
and Brown 1992) and, debatably, as early as 6600 BCE
(Schmitt et al. 2014).
Pre-Columbian Native Americans in what is now
Nebraska collected or quarried chert, flint, jasper,
quartz, quartzite, and other hard, durable and knappable materials to make stone tools. Various other Earth
materials (pipestone, copper, mica, obsidian, soap-

Geologic Mapping of Nebraska · R. M. Joeckel et al.

121

not qualify as geologic maps in the modern
sense. Beginning in the early 1800s, however, explorers and scientists were publishing
detailed notes about geologic features and
geologic maps of various kinds began to be
drawn in the US. By the end of the same
century, maps illustrating the geology of Nebraska and environments with meaningful
accuracy had been published.
During their 1804–1806 exploration along
the Missouri River and beyond, William Clark
and Meriwether Lewis (Fig. 1a–b) marked the
locations of coal, grinding stone, fresh- and
saltwater springs and other resources on
maps of the lands across which the expedition traveled. These were not geologic maps
in the modern sense, but the locations were
accurate because the geologic resources can
still be found today at those places (Diffendal
and Diffendal 2003).
Shortly after the Lewis and Clark Expedition, William Maclure produced a rudimentary geologic map of the US, extending
to the Mississippi River (Maclure 1809; Library of Congress n.d.). Nevertheless, the archetype for modern geologic maps is widely
regarded to be the famous 1815 geologic map
of Great Britain produced by the self-taught
Figure 1. Some geologic mappers of Nebraska and the Great Plains, 1803 to 2003:
polymath William “Strata” Smith (Oldroyd
(a) Meriwether Lewis (1774–1809); (b) William Clark (1770–1838); (c) Sir Charles
2013). The first geologic map that included
Lyell (1797–1875); (d) Gouveneur K. Warren (1830–1882); (e) Fielding B. Meek
(1816–1876); (f) Ferdinand V. Hayden (1829–1887); (g) Samuel A. Aughey (1832–
part of the Great Plains in the US was prob1912); (h) Nelson Horatio Darton (1865–1948); (i) George E. Condra (1869–1958);
ably the one drawn in 1843 by the widely trav(j) Alvin L. Lugn (1895–1976); (k) Vincent H. Dreeszen (1921–2006); (l) Raymond
eled British geologist and lawyer Sir Charles
R. Burchett (1935–2015); (m) Duane A. Eversoll; (n) Vernon L. Souders (1936–
Lyell and published in 1845 (Figs. 1c, 2). Ly2014); (o) James B. Swinehart; (p) R. F. Diffendal Jr.
ell mapped Cretaceous rocks in small parts
of what is now northeastern Nebraska and
southeastern South Dakota. He also used the
stone, etc.) were acquired elsewhere and traded over
written observations of Prince Maximilian of Wiedlong distances in the interior of North America. It is
Neuwied, who noted such strata on his travels across
difficult to be certain whether Paleoamericans actually
parts of the US and up the Missouri River in 1832–34,
drew maps to record the location of these resources,
to draw the area where these rocks were known to ocbut it is abundantly clear that Native Americans procur. Lyell’s geologic map (Lyell 1845) was published at
duced physical maps—although certainly not geologic
the very coarse scale of 1:8,446,000, so that 1 cm on the
maps—later in history, both before and after Colummap represents approximately 84.5 km on the actual
bian contact (Mundy 1988; Warhus 1997; Lewis 1988).
land surface (1 in = 133 mi).
When Europeans began to acquire the lands that ultiThe new lands of the Louisiana Purchase and other
mately became the United States they began to make
western
lands clearly needed to be surveyed for natumaps of the new lands and to note the locations where
ral resources by the US government. Therefore, federal
they found geologic resources. These early maps do
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government–funded scientific surveys, originally under
the auspices of the US Army Topographical Engineers,
began in the 1850s. The Hayden, Wheeler, King, and
Powell surveys, so named for the individuals who led
them, are considered to be the “four great surveys of
the [American] West.” Their work, including the eventual publication of results, extended from the late 1860s
into the 1890s (Bartlett 1962; Rabbit 1989). Surveys led
by the naturalist, physician, and geologist Ferdinand V.
Hayden and military mapping groups led by West Point
graduate and brevet major Gouveneur K. Warren (later
to gain fame at Little Round Top in the Battle of Gettysburg in 1863) and others produced the first usable
geologic maps of large parts of the Great Plains including modern Nebraska (Figs. 1d, 1f, 2). Fossils collected
on the several Hayden expeditions were identified and
described by Fielding B. Meek, a former businessman
who became a famous paleontologist (Fig. 1e). The maps
were published after the Civil War in a series of reports
by Hayden (1869, 1872, n.d. [probably 1883]). On these
maps much of Nebraska was shown to be covered by
the “White River Tertiary,” a rock unit name he coined
that is still used today, although it is now significantly
restricted to a few sedimentary rock formations. Federal
patronage of science was a critical ingredient in surveys
such as those led by Hayden, who has been described as
a “public entrepreneur of science,” as a “changing environment for science in the United States and the federal
government” came to be (Cassidy 2000, 319).
Samuel Aughey, an antislavery Lutheran minister
(Aughey 1861), early University of Nebraska professor, and honorary Nebraska state geologist, produced
a geologic map of the state dated 1875 that was included
in a book about Nebraska written by Edwin Curley in
1876 (Figs. 1g, 3). The map purported to show surface
geology and underlying bedrock, including the eastern boundary of the Tertiary (today the Paleogene and
Neogene Systems), the boundaries of the Cretaceous,
Permian, Upper Carboniferous (Pennsylvanian), and
“Potsdam,” the name of a sandstone-dominated Cambrian sedimentary-rock unit in New York, Vermont,
Quebec, and Ontario. Much of what Aughey showed
on his map appears to have been taken from the earlier maps produced by F. V. Hayden, including the usage
of “Potsdam.” Aughey subsequently published a revised
map that showed an area in Dundy County as underlain
by the Cretaceous “Laramie” Formation (Aughey 1884),
the usage of which is today restricted to northeastern
Colorado.
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The maps of Lyell, Hayden, and Aughey are historically interesting and set the stage for more refined work.
The modern era of geological mapping, which truly began in the field season of 1897 and in 1898, resulted in
publication of a report on the groundwaters of southeastern Nebraska and maps by Nelson Horatio Darton
(Figs. 1h, 3), a United States Geological Survey (USGS)
geologist who had read Lyell’s seminal Principles of Geology in his youth (Monroe 1949). Maps were done on a
topographic base in this and later reports. Darton published a generalized surficial geologic map of Nebraska
on a topographic base at a scale of 1:2,500,000 in a report published in 1899 and reprinted with minor corrections in 1903 (Darton 1899, 1903). The report included
maps showing groundwater, springs, surface water, irrigation development, and timber resources, as well as
photographs taken with a camera using glass plates. Two
years later Darton (1905) published a major report on
the geology of the central Great Plains that contained
even more data and maps from southeastern Wyoming,
southern South Dakota, eastern Colorado, Nebraska,
and northern Kansas.
Darton and his field crew did their research and
mapping under very difficult field conditions, traveling at times by horse-drawn wagon, on horseback or
on foot with only a few assistants. In comments he gave
at the ceremony where he was awarded the prestigious
Penrose Medal by the Geological Society of America in
1940, Darton commented that on one such trip he and
his crew were forced to flee a prairie fire set by Native
Americans (Darton 1941).
Darton completed an astounding body of work
during his career with the USGS (King 1949; Monroe
1949). He drew detailed geologic maps of Minnesota,
Iowa, South Dakota, Nebraska, Kansas, a sliver of Oklahoma, Texas, eastern Colorado, Wyoming, southeastern Montana, New Mexico, Arizona, and small parts of
southern California in the West, as well as maps of New
York and other eastern states. Darton also named or renamed new geologic formations and described them in
detail. Among these names of formations are Ogalalla
(spelling later changed to Ogallala), Arikaree, Gering,
Brule, and Chadron, all of which are still used today
by geologists in Nebraska and elsewhere. Anyone who
uses Darton’s reports can still find a site on one of his
maps and go there to see the geologic materials that he
described.
After the creation of the Conservation and Survey
Division (CSD) of the University of Nebraska by the

Figure 2. Pre-statehood early geologic maps of Nebraska. (Top) Excerpt from geologic map by Charles Lyell (1845), showing Cretaceous bedrock
strata in small part of present Nebraska (dashed outline). (Bottom) Excerpt of 1857 map by G. K. Warren and F. V. Hayden showing Paleogene
and Neogene (yellow, labeled “Tertiary”), Cretaceous (green), and Pennsylvanian (blue, labeled “Carboniferous”) bedrock strata in present
Nebraska (dashed outline). Already apparent are rudiments of patterns expressed in latest statewide bedrock map (Burchett 1986).
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Figure 3. Post-statehood early geologic maps of Nebraska. (Top) Geologic map by S. A. Aughey, published by Curley (1875). It is fundamentally
a surficial geologic map, on which the approximate geographic limits of outcrops and subcrops of Cretaceous and Pennsylvanian bedrock
strata are superimposed. (Bottom) Preliminary geologic map by Darton (1899). It is also a surficial geologic map, representing both exposed
or very shallow bedrock and regolith.
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Figure 4. Most recent statewide bedrock geologic map of Nebraska (Burchett 1986). See text for discussion of features identified by lowercase
letters. Smaller map at lower right shows major structural features in and around Nebraska that influenced pattern on bedrock geologic map.
Note that such structures are discernible chiefly in Nebraska’s subsurface geology, and their direct effects are generally not visible at the land
surface. Laramide Orogen is area directly affected by mountain-building during Laramide orogeny (about 80 to 45 million years ago) and
includes present Black Hills and Rocky Mountains. Gentle, far-field Laramide uplift also occurred in the Nemaha Tectonic Zone, on the Sioux
Quartzite Ridge, and Chadron and Cambridge arches, but those areas experienced much less vertical movement of Earth’s crust. Nevertheless,
Laramide reactivation of those structures contributed significantly to the present bedrock-map pattern in eastern Nebraska. Trend of the ancestral Las Animas Arch (anc. LAA) in southwestern Nebraska is based on maps by Rascoe (1978). See text for additional explanation.

Nebraska legislature in 1921, George E. Condra, its director (Fig. 1i), and other researchers, including A. L.
Lugn (Fig. 1j), mapped the geology of many parts of the
state. Unlike recently made geologic maps, these state
and county maps were not drawn on a topographic base.

Nevertheless, they are an important historical resource
and they are preserved in the map files of CSD for use
by stakeholders. CSD produced a statewide bedrock
geologic map of Nebraska in 1950 (Condra and Reed
1950) and a revised and colored version in 1969 (Bur-
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chett 1969). The latest version of the statewide bedrock
map was issued more than three decades ago (Burchett
1986; Fig. 4). Digital map products at smaller scales were
first produced at CSD around 1996 and onscreen digital
mapping was initiated there in 1998.
Starting in the 1950s and continuing to today, faculty
and students from the University of Nebraska’s Department of Geology (now Earth and Atmospheric Sciences)
and the University of Nebraska State Museum periodically prepared geologic maps of parts of Nebraska. These
maps are useful, but most of them went unpublished and
they are difficult to access.
USGS geologists have continued to the present day,
often in cooperation with geologists of state geological
surveys such as the CSD, to prepare maps and reports
on the groundwater and other geologic resources across
the Great Plains. In 1963, for example, the CSD began a
long-term cooperative mapping program across the state
with the USGS to prepare regional geologic maps of the
bedrock surface of Nebraska. Eleven maps at a scale of
1:250,000 covering all of Nebraska were proposed to be
prepared using data from surface mapping and all borehole data available. Outcrops of rock formations on these
maps were to be shown using a darker overprint on the
maps with a topographic base. Other information, such
as thickness variations in regolith covering the bedrock,
were to be included. Only a few researchers were available from the USGS and the CSD at any one time to go
to the field, obtain permission from property owners to
survey their lands, and then prepare the detailed maps
on topographic base maps available at the time.
Only five of the 11 proposed 1:250,000 geologic
maps were published in the style originally proposed
(in 1972 the Lincoln and part of the Nebraska City 1° ×
2° quadrangles; in 1973 the Grand Island 1° × 2°quadrangle; in 1975 the Fremont 1° × 2° quadrangle; in 1988
the McCook 1° × 2° quadrangle and the Sioux City 1°
× 2°quadrangle).
In federal fiscal year 1985 a new program of the USGS
was initiated, called COGEOMAP. Accordingly, all subsequent 1:250,000 geologic maps were to show geology
at the land surface. Mapping surficial geology can be a
more challenging task than mapping bedrock in Nebraska, however, because of the complex mix of surface deposits of windblown, river, glacial, and lake sediments,
mostly covering isolated exposures of bedrock, that are
required to be shown.
In 1992 a new cooperative mapping program of the
USGS replaced COGEOMAP. This program has three
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components (federal or FEDMAP; state or STATEMAP;
and university or EDMAP) and resulted in the production of printed and digital geologic maps. In Nebraska,
the North Platte 1° × 2° and Scottsbluff 1° × 2° quadrangles followed the COGEOMAP model described above.
More recently, the Broken Bow and O’Neill quadrangles
were published (in 2000 and 2008, respectively). Authors of these two maps eliminated the explanatory text
used on the borders of the previously published paper
maps and replaced it with expanded booklets that allow
for more detailed explanations of the geologic and other
features depicted on the maps.
Nine of the originally proposed 1° × 2° maps had
been published up to October 2017. Only the Valentine
and Alliance quadrangles remain uncompleted, but
many field maps for these two projects are available.
These field maps cover much of the areas of both maps
and are in the files of CSD.
The CSD research geologists who were mainly responsible for work on these 11 maps included V. H.
Dreeszen, R. R. Burchett, D. A. Eversoll, V. L. Souders,
J. B. Swinehart, and R. F. Diffendal Jr. (Fig. 1k–p). Others
who contributed to the research for some of the maps include C. Timperley, H. LaGarry, M. Rebone, S. T. Tucker,
M. R. Voorhies, and E. J. Voorhies, and USGS geologist
George Pritchard.
Finally, Swinehart and Diffendal proposed and
received funding from STATEMAP and COGEOMAP
grants to compile and publish a 1:63,360-scale map of
Morrill County, Nebraska, which was completed and
published in 1995. They found that Morrill County
had the most interesting and structurally complicated
geology of any of the counties in the southern half of
the Nebraska Panhandle that could be best and most
usefully published on a single map with a larger scale.
CSD geologists who have recently worked on surficial
geologic maps include P. R. Hanson, L. M. Howard, R.
M. Joeckel, J. T. Korus, and A. Young. J. S. Dillion of the
Department of Geography at the University of Nebraska
at Kearney and S. T. Tucker of the Highway Paleontology
Program at the University of Nebraska State Museum
have also assisted in recent mapping projects, as have
multiple students. All maps are available at the offices
of the CSD. Geologic maps of Nebraska produced in
the past few decades are also available in the form of
full downloads, whether at the USGS website and/or at
the University of Nebraska–Lincoln’s Digital Commons
website (http://digitalcommons.unl.edu).
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Geologic Mapping Today
Dimensions and Digitality
Traditional two-dimensional geologic maps (on paper
or in digital format) are the only “official” geologic maps
that have yet been produced in Nebraska. The continued use of two-dimensional geologic maps on paper,
the original form of the inclusive genre as well as its
chief standard until recent memory, might easily be dismissed by some non-mappers as evidence for the static
nature—or, worse yet, stagnation—of geologic mapping
as a scientific endeavor. Some authors have declared
that traditional geologic maps—and perhaps even those
in digital format—are experiencing a decline in use and
perceived relevance (e.g., Broome 2005), a problem that
others attribute to the public’s limited ability to decipher maps (Brick 2013). None of this predicament can
be considered more the fault of geology or geologists
than that of larger society. Monmonier (1998, 16) opined
of seismic-hazard maps, a type of geologic map, that
“voters who have trouble balancing a checkbook have
little interest in arcane claims.” His statement identifies
a major disconnect between the evaluation of information by scientists and the general public, yet a low level
of public awareness and concern about geology-related
issues may also be at work.
Moreover, it is erroneous to assume that geologic
mapping has lost its relevance anywhere, much less in
Nebraska. To the contrary, geologic mapping is experiencing a technological renaissance. Digital geologic
mapping came to the fore with improvements in computer software, specifically geographic information systems (GIS) programs, and hardware near the end of the
20th century, and it is “now a fully mature technology
that dramatically improves . . . problem-solving capabilities” (Pavlis and Mason 2017). In Nebraska, the development of digital geologic maps began around 1996 and
it is now the only manner in which maps are produced
by the CSD.
Today’s digital geologic maps are finding new applications in association with cyberdata. Thus, they should
be thought of as societally and scientifically critical “Big
Data,” because they are “not just a lot of data, but different types of data handled in new ways” (Lohr 2013). The
range, precision, and sheer volume of data associated
with geologic maps still expands, and all the more so as
older maps are revised while new maps are produced.
Likewise, the means by which map data are collected,
shared, and compiled—smartphones, tablets, and oth-
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er handheld electronic instruments; satellite, aerial, and
unmanned aerial systems (UAS) imagery; Structurefrom-Motion (SfM) photogrammetry (e.g., Westby et al.
2012); LiDAR (light detection and ranging—the imaging of the land surface with ultraviolet, visible, or nearinfrared light); other forms of geomatics; and associated
cyberinfrastructure (e.g., Mookerjee et al. 2015; Chan et
al. 2016)—show no signs of becoming less diverse, less
technologically complex, or less tied to the immense and
pervasive information economy.
Three-dimensional digital geologic maps, perhaps
the most striking evidence of technological advances in
the mapping field, developed late in the 20th century
to address issues in petroleum exploration and development, groundwater supply and protection, geologic
hazards assessment, planning, and other needs. Unfortunately, although it may come to transform geologic
mapping in the near future (Pavlis and Mason 2017),
the practicability of true three-dimensional mapping is
not universal, and therefore its application remains limited. True three-dimensional geologic mapping has yet
to be done in Nebraska, and the emergence of statewide
three-dimensional mapping in the near future seems
very unlikely, although it has been pursued elsewhere
in the interior of North America, such as parts of Illinois, Minnesota, and Manitoba.
Despite the widening horizons of geologic mapping
and the now-absolute imperative of “digital language”
as a means of production, archiving, and dissemination
under conditions of accelerating technological change,
and the primacy of numeracy in other science and engineering disciplines notwithstanding, we observe that the
fundamental “visual language” of maps and diagrams
(Rudwick 1976) persists as the lingua franca of geology
everywhere. This visual language has dominated geology for more than two centuries, perhaps inescapably,
considering the spatial data and concepts that must be
presented by geologists. Therefore, we feel confident that
the production of, and demand for, geologic maps will
continue. At the same time, however, we are mindful of
political, societal, and fiscal issues that almost certainly
will shift the imperative and affect the rate and means of
production of such maps over time.

Bedrock vs. Surficial Geologic Maps
Geologic maps assume multiple forms depending on
the need and the particular data sets to be emphasized
in any given case. Geologic mapping, in turn, is a set of
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diverse skills, practices, applications, and philosophies
that must be adapted carefully to needs, goals, and to
the local setting. We contrast two very common kinds
of geologic maps that have dominated mapping in
Nebraska (and elsewhere) from the onset: surficial and
bedrock geologic maps.
Bedrock geologic maps depict bedrock alone, whether it is exposed at the surface as outcrops or buried at
depth under regolith as a part of a particular bedrock
body’s subcrop. Bedrock is defined for the purposes of
two-dimensional mapping as the first layer of consolidated (hard) Earth material encountered at or below
Earth’s surface—in the latter case, underneath a cover
of regolith of some thickness. Defining what constitutes
bedrock is not always a simple matter because Earth
materials are indurated, cemented, or consolidated to
widely varying degrees.
The most recent statewide geologic map of Nebraska
(Burchett 1986) is a bedrock map that was produced at
the scale of 1:1,000,000 without the benefit of GIS. Active geologic mapping in Nebraska is currently limited
to the production of 1:24,000-scale digital (GIS-based),
two-dimensional surficial geologic maps, which depict
many types of regolith at the land surface, as well as any
bedrock that happens to be exposed thereon, especially in the context of extant landforms. The association
between particular kinds of surficial sediments and
particular kinds of landforms is a critical part of surficial geologic mapping, and therefore, digital elevation
models (DEMs) and LiDAR (light detection and ranging) data, which offer detailed perspectives on the landscape, are extremely important. The statewide geologic
map of Iowa (Witzke et al. 2010), like that of Nebraska
(Burchett 1986), is a bedrock map, and Minnesota has
a statewide bedrock map as well (Jisra et al. 2011). The
statewide geologic map of Kansas is a surficial geologic
map (State Geological Survey of Kansas 2008), showing
both bedrock and regolith. The official geologic map of
South Dakota (Martin et al. 2004) accurately depicts the
dominance of exposed bedrock in the unglaciated part
of the state west of the Missouri River, but it also depicts
the dominance of Quaternary sediments (chiefly glacial
sediments), as regolith at Earth’s surface on the glaciated
eastern side of the river. Thus, it too qualifies as a surficial geologic map. Interestingly, then, the geologic maps
of five contiguous states are not fully comparable.
Kansas, South Dakota, Iowa, and Minnesota all
have official geological statewide maps at a finer scale
of resolution (1:500,000) than Nebraska’s, and all were
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produced in the recent digital age of geologic mapping,
rather than being digitized from a preexisting paper
version, as was the Nebraska statewide geologic map
about a decade after its publication in 1986. In the process of comparing the five statewide geologic maps, we
also observe that it is vital that the title of any geologic
map accurately describe what the map is intended to
represent: bedrock geology, surficial geology, or some
other aspect. Considering the lack of complete comparability between the maps of five aforementioned states
alone (not to mention potential differences between the
geologic maps of all 50 US states), this comparison also
illustrates the necessity of specifying what kind of geologic map is to be made prior to actually engaging in
mapping, and even before that, determining the actual
scientific and societal needs that can or must be served
by mapping.

Understanding Geologic
Maps of Nebraska
Processes (erosion, movements of Earth’s crust, and
deposition) that were at work during the geologic history of Nebraska produced the patterns visible on any
kind of geologic map of the state. Nebraska is comparatively unique in its possession of particular geologic
attributes and also in its conspicuous lack of others. This
comparative uniqueness of Nebraska has shaped the
practice, process, and products of geologic mapping in
the state, and its influence is apparent on both bedrock
and surficial geologic maps. Geologic maps, such as the
bedrock geologic map of Nebraska, also yield important, and even unexpected, perspectives when they are
viewed creatively (e.g., the “down structure” method of
Mackin 1950, and others) and contemplated deeply in
broader contexts. We do so in the following subsections.

Statewide Bedrock Map: A Story in Stone
Only 13% or less of Nebraska’s surface area is underlain by very shallow or exposed bedrock. Furthermore,
almost seven-tenths of the total area of very shallow
or exposed bedrock is in the Panhandle alone. The remaining three-tenths of the total area of very shallow
or exposed bedrock lies mostly near the north-central,
northeastern, and southeastern boundaries of the state,
leaving a vast interior in which bedrock is rarely, if ever,
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encountered except by comparatively deep drilling.
These observations underscore the relevance of, and
societal need for, surficial geologic mapping in the state
(see forthcoming discussion), even though a statewide
bedrock map remains a critical scientific and decisionmaking asset. In turn, these observations also point to
the technical and procedural difficulties associated with
producing a bedrock map in a region with very limited
exposures of bedrock.
The bedrock geologic map of Nebraska is somewhat abstract in that it was compiled mostly from indirect observations—subsurface data, rather than the
direct observations of Earth materials across the land
surface—at data points (scattered boreholes). The bedrock map depicts more than the geographically limited bedrock exposures; it further represents the pattern
of bedrock strata across the state were all the overlying
regolith removed.
As in many states in the interior US, the production
of the present statewide bedrock map of Nebraska
(Burchett 1986) relied heavily on subsurface data of
various origins—CSD test holes logged by professional
geologists, logs from water wells logged by drillers with
highly variable levels of experience and education, and
miscellaneous other borehole data. These data were
first plotted by hand on paper US Geological Survey
7.5-minute (1:24,000) quadrangles. Quality assessment
and control are an endemic problem whenever such
different data sources are employed. How, exactly,
quality assessment and control were practiced when
the statewide bedrock map was produced has largely
been lost from institutional memory. Unfortunately,
two-thirds of the individuals who were involved in
the making of the map are now deceased, and the
philosophical approach in producing the map, not to
mention the actual day-to-day procedures involved,
cannot now be fully documented.
Inasmuch as we are aware, there has never before been
a comprehensive explanation of the pattern portrayed by
the bedrock geologic map of Nebraska (Burchett 1986;
Fig. 4). Nebraska lies on the platform of the ancient
North American craton, and the characteristics of this
setting over the past billion years have influenced the
larger-scale pattern in the bedrock geologic map in many
ways. The platform is part of the old central “core” of the
continent that has been comparatively stable in terms
of crustal movements and volcanism for more than the
last one-fifth of geologic time. The North American
platform is characterized by (1) a succession of nearly flat-
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lying sedimentary rock strata that overlie old basement
crystalline rocks of the craton; (2) broad and gentle upor downwarping of Earth’s crust (epeirogeny) as arches
and sag basins (Fig. 4), but only localized, more abrupt,
bedrock uplift by tectonics; and (3) consequently, a simple
bedrock geologic map pattern in comparison to those in
other parts of the continent, even the Canadian Shield,
which is the part of the craton exposed at the present land
surface. These characteristics contrast with the western,
southern, and eastern parts of the continent, including
parts of states as nearby as Colorado and Wyoming to
the west and Arkansas and Oklahoma to the south, all of
which were subjected to intense geologic activity related
to plate-tectonic interactions during various intervals in
the Phanerozoic Eon, or the last 541 million years since
the beginning of the Cambrian Period. In Phanerozoic
times, most of the deposition of the sedimentary-rock
cover occurred during particular intervals of geologic
time in response to slow upwelling and downwelling in
Earth’s mantle, plate tectonics, erosion, deposition, and
global changes in sea level (e.g., Sloss 1988; Miller et al.
2005; Burgess 2008).
That which is lacking in Nebraska’s geology bears
major consequences in the practice of mapping and
in geologic maps themselves. Nebraska and only five
other states, including the companion Great Plains
state of North Dakota, have no exposure of bodies of
igneous or metamorphic rocks (collectively known
as crystalline rocks) at the land surface. Actually, all
the states surrounding Nebraska have some surface
exposure, however small or large, of rocks that qualify
either as igneous or metamorphic types. The genetic
diversity of geologic features, rocks, minerals, and
resources is, as a consequence, lesser in Nebraska than
in most of the other states, and only unconsolidated
sediments and sedimentary rocks can be mapped at its
land surface. Evidence is also lacking for the subcrop of
crystalline rocks under regolith in Nebraska. Rather, the
nearest that any crystalline basement rocks come to the
surface in Nebraska is approximately 150 m—still buried
under Upper Pennsylvanian sedimentary rocks—atop
the Nemaha Uplift in southeastern Nebraska. In the
southwestern Panhandle of Nebraska, the depth to
basement rocks approaches 3,000 m.
Likewise, Nebraska is one of perhaps six of the 50
states that lacks definitive karst topography, that is,
caves, sinkholes, and related features developed by
the progressive natural dissolution of the carbonatemineral-bearing sedimentary rocks limestone and
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dolostone (or even the evaporate sedimentary rocks
gypsum or anhydrite). There is, however, some ambiguity about the occurrence of karst in Nebraska in at least
one published report (e.g., Weary and Doctor 2014).
Karst areas and features are frequently mapped on geologic maps, in part because they represent significant
hazards (groundwater contamination, engineering and
construction problems, sudden ground collapse, etc.).
Once again, all the states surrounding Nebraska have
significant examples of karst somewhere within their
boundaries. In Kansas, karst is developed even in some
of the same Pennsylvanian and Permian limestones that
crop out and are mapped in Nebraska (Young and Beard
1993). The lack of karst terrain in Nebraska sets it apart
from states such as Indiana, Kentucky, Missouri, Texas,
and Florida, which have sizeable regions of karst. Nebraska’s lack of true karst is related to multiple factors,
including the typically widespread nature of thick regolith, the comparatively limited area of exposure of limestone in the state, and local and regional hydrogeologic
conditions.
Additionally, and perhaps most relevant to geologic
mapping, only one-fifth of the states in the US—including
Nebraska, Kansas, North Dakota, and Iowa—encompass
neither (1) true, structural or volcanic mountains that
have present positive relief, nor (2) even the exposed,
eroded remnants of very ancient mountains, as on the
Canadian Shield in northern Minnesota (Jisra et al.
2011), northern Wisconsin (Mudrey et al. 1982), and
the Upper Peninsula of Michigan (Reed and Daniels
1987). Overall, few faults are mapped at the surface in
Nebraska, although it is all but certain that more are
present but undetected in an area in which bedrock
exposure is so minor. Geologic processes were certainly
more dramatic during Nebraska’s distant geologic past.
Between approximately 1.8 and 1.1 billion years ago the
area now encompassed by Nebraska experienced platetectonic collision and accretion, orogeny (mountain
building) by crustal folding and thrusting, as well as
rifting and volcanism (e.g., Van Schmus and Hinze
1985; Sims and Peterman 1986; Hutchinson et al.
1990). Any direct signature of these long-past events
and the complicated patterns of bedrock relationships
that they produced, however, are now deeply buried
beneath younger sedimentary rocks. As a result, the
pattern on the bedrock geologic map of Nebraska is
much less complicated than those of Rocky Mountain
states such as Colorado and Wyoming, those of states
in the Appalachian region (e.g., Pennsylvania), those of
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certain states that lie partially on the Great Plains (e.g.,
Oklahoma, South Dakota, and Texas), or even those
of some states that would seem to be geographically
similar, such as Minnesota, Wisconsin, and Michigan,
where erosion has removed any once-overlying bedrock
from atop the very old, deformed rocks on the southern
margin of the Canadian Shield.
In discussing aspects of geology that are absent in
Nebraska, we observe that no evidence has yet been put
forward for the existence of any bedrock impact structures (craters and associated features) produced by large
meteorites, asteroids, or even comets. Large impact
structures influence the patterns on bedrock geologic
maps in various places on Earth. Such structures typically appear as partial or complete, concentric, round
to oval signatures on bedrock geologic maps. The twomillion-year-old Vredefort Crater/Dome in South Africa and the slightly younger, mineral-rich Sudbury Basin
in Ontario (e.g., Riller 2005) are prominent examples of
impact structures many tens of kilometers in diameter
that confer distinctive patterns on geologic maps. But to
consider impact structures in a discussion of the bedrock
geologic map of Nebraska is by no means unwarranted:
bedrock impact structures of geologically ancient ages
have been identified, whether under regolith or buried
within successions of rock strata, in many midwestern
states, including Illinois, Indiana, Iowa, Missouri, North
Dakota, Ohio, Oklahoma, and Wisconsin, as well as in
Wyoming to the west (Koeberl and Anderson 1996).
The Manson Crater in the north-central part of adjacent Iowa (Hartung and Anderson 1996; Koeberl and
Anderson 1996) produces an especially striking pattern
on the bedrock map of that state (Witzke et al. 2010).
Even though multiple types of geologic features are
absent in Nebraska, and despite the shortcomings of its
pre-digital origin, the existing statewide bedrock map
of Nebraska (Fig. 4) still yields important insights. In
an utterly abstract sense, Nebraska’s bedrock geologic
map is a patchwork recording of geologic processes over
the past 300+ million years. Sediments were deposited during particular intervals of geologic time, buried,
and lithified to produce strata of sedimentary rock.
Those rock strata were subsequently offset by faulting,
very gently warped by movements in Earth’s crust, and
eroded during different later intervals of geologic time.
The actual surface or “top” of bedrock in Nebraska, both
where it is exposed at the land surface and where it is
buried under regolith, is akin to a palimpsest manuscript that was written upon several times and partially
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erased, such that traces of earlier writing are preserved
along with the present text. To understand the palimpsest nature of the bedrock surface in Nebraska one need
only envisage a river eroding its bed through surficial
sediments and into flat-lying bedrock, while simultaneously considering that the same bedrock remains
uneroded below regolith in the uplands adjacent to the
river’s valley. Shifts in the course of the hypothetical river and the position of its valley may later lead to the
partial or complete erosion of the bedrock in other places. As time goes by, bedrock erosion will have occurred
to different degrees and depths—and possibly not at all
in some places—at different times, yet there is a single
surface that represents the top of all bedrock within the
enclosing region. It only stands to reason, then, that the
geometric pattern exhibited by the bedrock surface on a
bedrock geologic map and the actual rocks represented
by that pattern typically record vastly different information about the geologic history of a region. This maxim
is abundantly true in Nebraska.
Although the pattern that is graphically presented
on a bedrock geologic map (that is, where rocks are
present versus where they may have been present and
were then eroded) is typically younger than the rocks
it portrays, the conceptual origins of at least one part
of Nebraska’s bedrock map is even older than the rocks
portrayed in the map. The Midcontinent Rift System
(e.g., Stein et al. 2016), which stretches from Lake
Superior into southeastern Nebraska and Kansas, and is
an old geologic structure that is now completely buried
by younger bedrock underneath southeastern Nebraska,
including the Lincoln and Omaha metropolitan areas
(as well as the metropolitan areas of Council Bluffs
and Des Moines, Iowa, and Minneapolis–St. Paul,
Minnesota). The fault zone at the southern boundary of
the Midcontinent Rift System was reactivated more than
once in the past 1.1 billion years ago, and definitely after
Upper Pennsylvanian and Lower Permian strata were
deposited, by stresses within Earth’s crust much later in
geologic time, long after rifting ceased, as the ThurmanRedfield Fault Zone in Iowa, the southwestward extension
of which has been called Union Fault in southeastern
Nebraska (Fig. 4, “UF”). The mapped relationships of
rock strata along this fault zone (Burchett 1986; Witzke
et al. 2010) indicate that this reactivation occurred after
the deposition of Pennsylvanian and Lower Permian
strata in the region (Fig 4, “a”). This reactivation played
a role in determining the bedrock map pattern (Burchett
1986) in southeastern Cass, Otoe, and southwestern
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Lancaster Counties in southeastern Nebraska, as well as
in neighboring southwestern Iowa (Witzke et al. 2010).
Other parts of the pattern on the bedrock map in
Nebraska are also related to geologic structures and
tectonic activity. Many aspects are ultimately related
to the building of geographically distant mountains—a
mechanism commonly referred to as far-field tectonics—
in the geologic past. The Nemaha Uplift or, in a broader
sense, the Nemaha Tectonic Zone (NTZ) of Berendson
and Blair (1995), is a 500-km-long, 40-km-wide uplift of
Earth’s crust, bounded on the east by the near-vertical
Humboldt Fault or Fault Zone (Fig. 4, “HF”), which
extends into Richardson, Pawnee, Johnson, Nemaha,
and Otoe Counties in southeastern Nebraska (Burchett
1986). Bedrock strata are offset by hundreds of meters
in some places on faults along the eastern margin of the
NTZ (Stander 1989). Analyses indicate that the northern
end of the NTZ was uplifted at least three times during
the past 300+ million years by movements of crustal
rocks along faults and in response to mountain building
hundreds of kilometers away, whether in the area of the
present Rocky Mountains in Colorado (the Ancestral
Rockies) or in the Ouachita Mountains of present
Oklahoma and Arkansas (Burberry et al. 2015). A later
phase of fault reactivation in the NTZ appears to have
taken place during the Laramide orogeny (Burberry et
al. 2015), which occurred in western North America
but had far-field effects well east of the Front Range.
The Laramide orogeny spanned an interval from the
time of deposition of the youngest Cretaceous strata in
the eastern half of Nebraska to as recently as about 45
million years ago (Cather et al. 2012) and uplifted the
Rocky Mountains, the Black Hills, and certain smaller
ranges (Fig. 4), some of which are close to the western
border of Nebraska. During Laramide times, much
subtler, far-field uplift of the crust occurred in present
Nebraska. This uplift played a role in determining the
current pattern of Pennsylvanian, and Lower Permian
strata in southeastern Nebraska (Fig. 4, “a” and “b”) as
well, in that (1) even a slight uplift at the northern end
of the NTZ would have facilitated the erosion of any
younger strata that once lay atop it (see forthcoming
discussion), thereby exposing the Lower Permian and
Pennsylvanian rocks underneath; and (2) movements
along reactivated faults appear to have changed the
geometric relationships between some of the latter strata
(Fig. 4, “a”).
The map pattern of younger Cretaceous bedrock
strata in the eastern one-third of Nebraska (Burchett
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1986; Fig. 4, “c”) indicates a north-northeastward strike
(the intersection of a structural plane or rock layer with
a horizontal plane) along an azimuth of about 20° to
30° and a strong westward component of dip across almost all of that area. A similar pattern is also apparent
in northern and central Kansas (State Geological Survey of Kansas 2008), indicating a common control of
this geologic trend. Also, part of the same succession
of Cretaceous strata continues northeastward on the
geologic bedrock map of adjacent Iowa (Bunker 1981;
Witzke et al. 2010) and eventually terminates in southern Minnesota (Jisra et al. 2011). Some part of westward
aspect of the dip of Cretaceous strata across Nebraska
must be due to the primary (depositional) basinward
dip of Cretaceous sedimentary strata as they were laid
down in and around the Western Interior Seaway between 100 and 70 million years ago (cf. Miall et al. 2008),
but that aspect alone does not explain the present map
pattern. Rather, the bedrock map pattern of Cretaceous
strata in eastern Nebraska and eastern Kansas, like that
of Pennsylvanian and Permian strata, appears to be related chiefly to the Laramide reactivation (gentle uplift) at the northern end of the Nemaha Tectonic Zone
(NTZ). Laramide reactivation of the NTZ would have
uplifted, however gently, all Cretaceous strata that were
once present in eastern Kansas and southeastern Nebraska, prompted their eventual erosion by streams, and
produced the present pattern of strike and dip. Similarly, uplift along the north-northeast-striking axis of the
NTZ would have led to the erosion of Cretaceous strata
above the Dakota Formation in northwestern Iowa. A
hypothetical north-northeast-trending axis (continuous
with the trend of the Humboldt Fault in southeastern
Nebraska) for the uplift associated with this Laramide
reactivation was implied in a structure contour map
of the Greenhorn Limestone, a formation within the
regional Cretaceous succession, presented by Bunker
(1981, fig. 8; Fig. 4).
The effects of Laramide and later movements of
Earth’s crust on the bedrock map pattern in Nebraska’s
Panhandle are also striking. The feature historically referred to as “Chadron Dome” in northeastern Dawes
County and northwestern Sheridan County in Nebraska
has a distinctive, local pattern on bedrock maps (Fig 4,
“d”). It is uplifted Cretaceous sedimentary strata at one
end of the elongate, gentle crustal upwarping known as
the Chadron Arch (Fig. 4), which was reactivated during
Laramide times (Swinehart et al. 1985; Burchett 1986;
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Bunker et al. 1988; Diffendal 1994; Tikoff and Maxson
2001; Welch and Leite 2014). The same geologic structure even may have influenced the geography of dunes
and other features near the western edge of the Sand
Hills (Loope and Swinehart 2000).
In southwestern Nebraska, the Cambridge Arch,
which is essentially continuous with the Chadron Arch
(Moore and Nelson 1974), was also reactivated during
Laramide times. Evidence for such reactivation can
be seen in the pattern of Upper Cretaceous strata on
Nebraska’s bedrock geologic map in the Republican
River valley in Red Willow and Furnas Counties. A
60-km-long stretch of that valley between McCook and
Edison, Nebraska, is underlain by the Niobrara Formation, whereas parts of the same valley immediately to
the west and east are underlain by the younger—and
normally superjacent—Pierre Shale. This map pattern
indicates that both stratigraphic units had been gently
uplifted in the area after the Cretaceous Period and that
the formerly continuous Pierre Shale was then eroded
from atop the arch by the Republican River, thereby exposing the underlying Niobrara Formation. A similar,
but less clear, bedrock-map pattern is exhibited in the
valley of Beaver Creek to the south of the Republican
River. Furthermore, Stanley and Wayne (1972) proposed
that gentle uplift of the Chadron and Cambridge Arches
has occurred not only in Laramide times, but “spasmodically” into recent geologic times.
At a large scale, the obvious east–west increase in
elevation across the Great Plains today and the evident
geologically recent, broad (long-wavelength, low amplitude, sensu Flament et al. 2013) uplift of much of the
western part of that region has long intrigued geologists.
There are aspects of Nebraska’s bedrock map that appear to be related to such uplift (Fig. 4, “d” through “g”).
Crustal tectonics and mantle dynamics, and even the
wholesale hydration of minerals in the lower crust, have
been invoked at times to explain the regional uplift and
elevation of the western Great Plains (e.g., Hinze and
Braile 1988; McMillan et al. 2002; McMillan et al. 2006;
Nereson et al. 2013; Jones et al. 2015). Mantle-driven processes have been invoked to explain present relief in the
nearby southern Rocky Mountains (e.g., Karlstrom et al.
2011). Regional uplift in the western Great Plains (High
Plains), whatever the ultimate causes, must relate to
much younger, post-Laramide, and even post-Miocene,
events, because it appears to have affected the present
distribution of Miocene strata of the Ogallala Group.
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Various authors have proposed multiple episodes of uplift and movement along faults, from Laramide times
onward, in the vicinity of the North Platte valley in eastern Wyoming and far western Nebraska (Thomas 1971;
Merin and Moore 1986; Ahlbrandt and Groen 1987; McMillan et al. 2002). On the statewide bedrock map of Nebraska (Burchett 1986), there is a prominent, relatively
sharp, eastward (downstream) “veeing” of strata in the
North Platte valley in Scotts Bluff, Banner, and Morrill
Counties (Fig 4, “e”) which would be expected if those
strata were structurally elevated to the west and dipping
gently eastward (cf. Lisle 2004, 12–13). Furthermore, the
Pine Ridge (Fig. 4, “f ”), a present-day positive relief feature, is an escarpment on lower Miocene sedimentary
strata that Swinehart et al. (1985) interpreted to be the
result of local activation of geologic structure in postLaramide times, although Nixon (1995) considered it to
have a genetic relationship with the uplift of the Black
Hills. Likewise, it appears likely that Ogallala Group sediments were once present on, then eroded from, the Box
Butte Tableland and surrounding areas in Sioux and Box
Butte Counties, between the Pine Ridge and the North
Platte valley (Fig. 4, “g”). Deep or widespread incision by
streams may have begun in the greater Rocky Mountain
region as early as late Miocene times, but it was mostly
post-Miocene in its timing, exposing the older Miocene,
Oligocene, and upper Eocene sedimentary strata that
were affected by Laramide and post-Laramide uplift in
Nebraska’s Panhandle (Swinehart et al. 1985; Ahlbrandt
and Groen 1987; McMillan et al. 2002).
Stream erosion played a large role in determining
the pattern on Nebraska’s bedrock map, in large part
by accentuating the preexisting gentle structural
deformation discussed previously. Pennsylvanian and
Lower Permian strata appear only in the southeastern
part of the state (Burchett 1986; Fig. 4, “a” and “b”).
In adjacent Kansas, however, such strata are exposed
or lie at very shallow depths across the entire eastern
one-third of that state, exhibiting northward to northnortheastward strikes (State Geological Survey of Kansas
2008), and thereby forming the prominent escarpments
and bedrock-dominated topography of the hilly terrain
known as the Flint Hills and Osage Cuestas (e.g., Frye
and Schoewe 1953). The Kansas statewide geologic
map also shows these bedrock strata partially buried
by Pleistocene glacial sediments in the northeastern
corner of that state, as they are in most of southeastern
Nebraska immediately to the north, where bedrock-
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dominated topography is not the norm. Although the
aforementioned ancient uplift of the northern end of
the Nemaha Tectonic Zone, as well as the reactivation
of faults along the Midcontinent Rift Zone, set up gentle
structural trends that contributed to the appearance of
the present map pattern of Pennsylvanian and Lower
Permian strata in southeastern Nebraska, stream
erosion still had to remove any younger rock strata that
almost certainly had overlain them in the distant past.
The prior existence of overlying Cretaceous sedimentary
rocks in this area (albeit in an eastward-thinning trend)
is supported by multiple observations: (1) the Dakota
Formation, the oldest and stratigraphically lowest
formation in the Cretaceous succession, is still present
eastward into central Iowa (Witzke et al. 2010); (2)
several Cretaceous formations underlie a large part of
southwestern and far west-central Minnesota, some 500
km to the north-northeast (e.g., Merewether 1983; Jisra
et al. 2011); (3) thin Cretaceous sediments are present
in western Illinois (Frye et al. 1964), more than 400 km
to the east-southeast of southeastern Nebraska; and (4)
isolated outliers of Cretaceous sedimentary rocks exist
in northeastern Iowa, northern Minnesota, and even
600 km northeastward in Wisconsin (Andrews 1958;
Mudrey et al. 1982; Witzke et al. 2010; Jisra et al. 2011).
Accordingly, we propose that eastward-thinning middle
and late Cretaceous sedimentary rock strata were
formerly widespread eastward of the present outcrop
and subcrop of Cretaceous strata in eastern Nebraska,
at one time covering all of Nebraska and most of
Kansas and Iowa, and that they were later eroded from
southeastern Nebraska, southern Iowa, and a large part
of eastern Kansas (cf. Cross 1986; Bunker et al. 1988;
Cobban et al. 1994).
If they originally extended farther eastward, as we
hypothesize, then when were Cretaceous strata eroded
in eastern Nebraska and Kansas? Aber (1997) hypothesized that streams incised (eroded into bedrock) the
landscape of eastern Kansas by as much as 80 m during
the Pleistocene and Holocene epochs (i.e., the past 2.6
million years or less), and that the Flint Hills were not
a topographically higher region or drainage divide in
Kansas prior to that time. Ancient stream gravels, now
perched as eroded remnants on topographically high
locations, are the basis of Aber’s (1997) argument; these
gravels are not age-dated, although they may have been
deposited as long ago as the Pliocene Epoch. Aber
(1997), however, referred only to the incision of Penn-
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sylvanian and Lower Permian bedrock strata, and not
to the widespread erosion of any once-overlying Cretaceous strata. In any event, combined thickness of those
hypothetical Cretaceous strata alone probably exceeded
80 m (cf. Zeller 1968)—a sizeable amount of bedrock
to be eroded in a low-relief continental-interior setting.
Furthermore, the remnant stream gravels described by
Aber (1997) directly overlie Pennsylvanian and Lower Permian rocks, making it abundantly clear that any
Cretaceous strata that might have once overlain those
rocks had long since been eroded by the time the gravels
were deposited. The burial of Pennsylvanian and Lower
Permian strata by pre-Illinoian (older than about 0.6
million years) glacial sediments in northeastern Kansas
and southeastern Nebraska indicates that the basic form
of Upper Pennsylvanian and Lower Permian strata on
the bedrock map pattern of southeastern Nebraska and
northeastern Kansas had already been established by the
time of the last glacial advance during the early Middle
Pleistocene at the very latest, and it may well have been
established prior to the first advance of the Laurentide
ice sheet into the area during the earliest Pleistocene.
Additional evidence for a pre-glacial, or even prePleistocene, origin of the stream-eroded pattern of
Cretaceous strata mapped in eastern Nebraska (Burchett 1986) is the westward-pointing “vees” or largescale crenulations represented on it, particularly near
the middle of the Cretaceous outcrop and subcrop belt
(Fig. 4, “c”). Some artistic license may have been taken in
rendering these features by hand in hand-drafted maps
on the basis of subsurface data, but they were recognized
in some form decades ago (Condra and Reed 1950), and
they continue to appear when both old and new data are
plotted using GIS methods (e.g., Divine et al. 2016). Such
“vees” would be expected to form through the erosion
of extremely gently westward-dipping strata by past and
present erosion by generally eastward-flowing subparallel drainages. It is undeniable that drainages with a
strong eastward component of flow have characterized
the Great Plains for tens of millions of years since the
earliest Paleocene Epoch (e.g., Stanley and Wayne 1972;
Swinehart et al. 1985; Galloway et al. 2011). Additionally, ancient and now-sediment-filled eastward-trending
stream valleys lie underneath Pleistocene glacial sediments in southeastern Nebraska—making those ancient
valleys and the sediments filling them older than about
640,000 years at least, and possibly older than the first
advance of the Laurentide ice sheet near the beginning
of the Pleistocene (Divine et al. 2009; Korus et al. 2013).
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There are some indications that drainages flowing eastward from the Great Plains extended into present Iowa,
before the current course of the middle Missouri River
was established (Witzke and Ludvigson 1990).
Two exceptions to the general pattern of Cretaceous
strata on Nebraska’s bedrock map are related to both
stream erosion and gentle geologic structure. One is
that the Niobrara Formation and the Pierre Shale have
been mapped along the Republican River and some of
its tributary valleys in Dundy, Hitchcock, Red Willow,
Furnas, and Harlan Counties in southernmost Nebraska (Fig. 4). This pattern resulted, overall, from the deep
incision of the river and its tributaries during the Pleistocene Epoch, and there is indirect evidence that the
present Republican River may be older than many of the
other major rivers in Nebraska (cf. Joeckel et al. 2007).
Locally, the pattern was influenced by the Cambridge
Arch in the manner described previously. Another exception to the general pattern of Cretaceous strata in
Nebraska is a much broader, and more irregular, pattern
exhibited by the Pierre Shale on Nebraska’s bedrock map
around the Niobrara River and some of its tributaries in
Knox, Holt, Boyd, Brown, Rock, and Keya Paha Counties in the northeastern to north-central part of the state
(Burchett 1986; Fig. 4). Two observations probably explain the latter map pattern: (1) Cretaceous strata have a
strong southward component in their dips in northwestern Knox County, if not in some of the aforementioned
counties farther to the west as well (Bunker 1981, fig.
8; Divine et al. 2016, figs. 5, 6). This aspect of regional dip in northeastern Nebraska is related to the gentle
Laramide uplift of the Sioux Quartzite Ridge (Fig. 4) in
southeastern South Dakota and southwestern Minnesota (e.g., Koch, 1986), which also uplifted Cretaceous
sedimentary strata around it. Second, it appears that the
Niobrara River, likely in contrast to the Republican River, incised its valley very rapidly during the Late Pleistocene (cf. Larson 2001; Jacobs et al. 2007). Stream erosion
by tributaries in the surrounding area would have accelerated and therefore widened the outcrop and subcrop
belt of the Pierre Shale. In comparison to these two exceptions, there is no equivalent westward extension of
the bedrock map pattern (Burchett 1986) of the same
Cretaceous strata around the Platte River in east-central
Nebraska.
Nevertheless, deep incision of the present Platte River system in western Nebraska (particularly the North
Platte River), as well as that of the Niobrara River to the
north, must have occurred after the deposition of the
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fluvial sediments of the Broadwater Formation in western and northern Nebraska during the Pliocene Epoch
(5.3–2.6 million years ago), and possibly into the early
Pleistocene Epoch (Stanley and Wayne 1972; Swinehart
et al. 1985; Swinehart and Diffendal 1998). This conclusion is supported by the observation that partially
eroded sediments of the Broadwater Formation lie at
elevations well above those of major modern streams
in both of these areas. Moreover, the present middle
Missouri River, between Nebraska and Iowa, is a product of Pleistocene changes in continental drainage. The
development and eventual incision of the middle Missouri River, which formed its present trough-like valley,
must have contributed to the erosion of bedrock along
its course and the courses of tributaries.
Stream deposition, rather than erosion, has also
played a significant role in the development of the pattern on Nebraska’s statewide bedrock map. The extensive distribution of the Ogallala Group on Nebraska’s
statewide bedrock map is due primarily to the widespread deposition of sediments by Miocene streams that
flowed generally eastward from the Rocky Mountains
down the slope of the Great Plains (e.g., Swinehart et al.
1985; Galloway et al. 2011), even though those sediments
too have experienced local erosion after the end of the
Miocene Epoch. Considering that the Ogallala Group
can be mapped in northeastern Nebraska, due north of
areas where they and even some of the Cretaceous succession of strata are absent in southernmost Nebraska,
it is likely that Ogallala Group sediments were deposited
over a larger area than that over which they are mapped
today, perhaps across present eastern Nebraska and even
into Iowa (cf. Witzke and Ludvigson 1990). The present
north-northeastward strike of the Ogallala Group in the
eastern half of Nebraska (Burchett 1986) more or less
parallels that of Cretaceous formations, suggesting a relationship between the two patterns, whether it is related
directly to the reactivation of geologic structures (less
likely) or is merely the result of post-Miocene stream
erosion along preestablished trends of very gentle bedrock geologic structure (more likely).
Although wholesale bedrock erosion in Nebraska’s
past is chiefly and most logically related to streams, the
Laurentide ice sheet and strong winds also eroded bedrock during the Pleistocene Epoch. Barbour (1900) described prima facie evidence for the local abrasion of
bedrock by one or more of the multiple advances of the
Laurentide ice sheet in southeastern Nebraska, yet the
actual extent to which glacial erosion contributed to the
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present bedrock map pattern is still unknown nearly 12
decades later. Perhaps surprisingly, the effects of past
wind erosion are easier to identify, although chiefly at
finer scales of map resolution (e.g., 1:24,000 and less).
There is abundant evidence for wind erosion of soft bedrock during the Pleistocene Epoch in parts of Nebraska.
In extreme northeastern to north-central and northwestern Nebraska—north of the Pine Ridge in northernmost Sioux and Dawes Counties, and in Knox, Boyd,
Keya Paha, and Cherry Counties—oriented landforms
eroded from the Pierre Shale and less so from the Ogallala Group can only be attributed to strong northwesterly winds (Joeckel et al. 2010; Joeckel and Howard 2018).
Nevertheless, the importance of wind erosion in shaping
Nebraska’s landscapes remains underappreciated.
Quandaries associated with bedrock geologic mapping in Nebraska remain unresolved. One example is
whether the strata of the Ogallala Group—which underlie fully 63% of the state’s land area—should even
be mapped as bedrock sensu stricto at all. These strata
have, of course, long been mapped as such, but a surfeit
of borehole data suggests that a significant amount of
the Ogallala Group consists of loose sand and silt, rather than cemented sedimentary rocks, although there
are layers of cemented sedimentary rocks within the
Ogallala Group in the subsurface. The “mortar beds”
or calcium-carbonate-cemented ledges of sedimentary
strata that were frequently considered to be characteristic of the Ogallala Group across the Great Plains (e.g.,
Frye et al. 1956), although qualifying as rock sensu lato
when they are encountered in outcrops, appear in some
cases at least to be the products of geologically recent,
geographically localized case-hardening around the
contours of slopes at and near the land surface. Such
a scenario differs manifestly from that of deep-seated
and long-term geological processes (collectively known
as burial diagenesis) that change unconsolidated sediments wholesale into thick, continuous layers of sedimentary rocks in the subsurface. The distinction of what
is and what is not to be mapped as bedrock is not merely
an esoteric matter, because it has practical implications
in the assessment of regional hydrology and groundwater supply (e.g., reduction of porosity, permeability,
and hydraulic conductivity in consolidated materials),
land use and planning, waste disposal, construction,
and engineering. We suspect that the Ogallala Group
will continue to be mapped as bedrock in the future by
long-term convention.
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Surficial Geologic Maps: A Saga in Sediment
Surficial geologic mapping has special relevance in
Nebraska because at least 87% of its land area is underlain by significant accumulations of regolith, almost
exclusively in the form of transported sediments such
as dune sand and other deposits of eolian sand, loess
(wind-deposited silt), alluvium (stream sediments), glacial till, and colluvium (sediments deposited by shallow,
unconfined flows of rainwater and mass movements
on hillslopes). Accordingly, the lives and livelihoods
of almost all Nebraskans intersect only with regolith,
rather than with bedrock, making surficial geologic
maps a societally relevant product. Agricultural soils in
Nebraska typically have regolith parent materials, most
of the sand and gravel mined in the state comes from
regolith, and a large part of the groundwater extracted
for agricultural, domestic, and municipal uses comes
from regolith. Unlike the statewide bedrock geologic
map (Burchett 1986), an official statewide surficial geologic map per se of Nebraska has yet to be produced.
Surficial geologic mapping in the state has proceeded
at the much finer scale of 1:24,000 on a quadrangle-byquadrangle basis, as part of the STATEMAP Cooperative Geologic Mapping program, for two decades, and
the task is far from being completed.
The surficial geology of Nebraska is unique in multiple ways that impact the conduct of mapping and the
nature of map products. The Sand Hills, which lie almost entirely within the boundaries of the state, are the
largest dune field in the Western Hemisphere (Loope
and Swinehart 2000). Consequently, the identification
of several types of dunes and other wind-deposited sediments and associated landforms, such as dune types
(e.g., Swinehart 1998), is important in surficial geologic
mapping. The morphology and history of formation of
Sand Hills dunes is not fully understood and the matter
needs critical reexamination with a mapping approach.
Pleistocene loess deposits from the last glacial period
(approximately 110,000–11,700 years ago), chiefly the
Peoria Loess, are notably thick along a narrow, diagonal trend along the southern to eastern margin of the
Sand Hills from southwestern to north-central Nebraska. The Peoria Loess, which can be identified from
eastern Colorado to Ohio and from North Dakota to
Louisiana, attains its maximum thickness of about 48
m at Bignell Hill in Lincoln County, Nebraska (Bettis et
al. 2003). Where loess deposits are so thick, loess dominates the landscape, soil parent materials, and also the
map pattern on surficial geologic maps. The deposition,

mass movement, erosion by wind and running water,
and volumetric collapse of loess, as well as its ancillary
properties and behaviors, produce unique landforms,
geomorphic effects, and geologic hazards (e.g., Bariss
1968, 1977; Leger 1990; Derbyshire et al. 1995; Derbyshire
2001; Lukić et al. 2009; Yan et al. 2014; Wang et al. 2015),
the full spectrum of which in Nebraska has yet to be
described and quantified. In the eastern quarter of the
state, the presence of multiple glacial tills exerted significant influence on soil characteristics, surface-water and
groundwater hydrology, landscape evolution, and land
use and engineering, yet it has proven difficult to name,
consistently identify, and satisfactorily map, discrete till
sheets of different ages and characteristics.
Having conceded that the bedrock geologic map of
Nebraska is less complicated in its pattern than those
of many states in which geologic structure is common
and complex, we discern concurrently that most surficial geologic maps of modest scale (e.g., 1:24,000) in
Nebraska—and in many other places, for that matter—
have inherently complex patterns. This statement is only
true, of course, if geologic mappers opt to adequately
represent the diversity of surficial materials in terms of
origin, age, and landscape or geometric relationships,
rather than merely representing undifferentiated Quaternary sediments, as was once common in some circles
devoted to bedrock mapping. Two of the forthcoming
examples of new discoveries made through surficial
geologic mapping in Nebraska illustrate how important
it is to scrutinize Quaternary sediments and differentiate them as multiple mapping units.

New Discoveries from
Geologic Mapping in Nebraska
Several new discoveries have been made in the recent
production of 1:24,000 surficial geologic maps in Nebraska, and we are confident that they will continue
to be made. These discoveries cast a new light on local
to regional geology and increase our understanding of
Nebraska’s changing landscapes through deep time. We
describe only a few of them in the following paragraphs.

Structural Bedrock Landforms
in Southeastern Nebraska
Recent mapping in parts of southeastern Nebraska (Korus et al. 2014; Korus and Howard 2015) was augmented
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by high-resolution LiDAR and LiDAR-based digital
elevation models. This technique provided novel information about the Nemaha Tectonic Zone (NTZ). Much
of what had already been known about this structural
feature anywhere along its length emerged not from
surficial mapping but from subsurface data (boreholes
and downhole geophysical logs, as well as geophysical
surveys). Prior geologic maps of southeastern Nebraska
provided little, if any, direct evidence of structural features associated with the NTZ. Recent mapping, however, demonstrated that distinct steps on hillslopes within
the area of the NTZ in southeastern Nebraska are produced by individual erosion-resistant limestone strata
that can be meticulously traced along hillsides and
through areas not accessible by foot (Fig. 5b–d). Tracing these limestone steps along hillslopes demonstrates
that the limestone strata, which were originally flat, now
have structural dips of 3° to 7°, decreasing in elevation
at the land surface by at least 34 m over a distance of 305
m. Furthermore, particular landforms—sharp-crested
structural ridges and small, low-relief cuestas (Fig. 5b–
d)—have been produced by the differential erosion of a
succession of these structurally inclined strata.
By connecting scattered locations in which these
structurally controlled landscape features are present, it
is possible to delineate a north–south zone of eastwarddipping beds corresponding to the eastern margin of the
NTZ in easternmost Pawnee County and westernmost
Richardson County. Structural complexity is manifest
in these subtle features. The orientations and dip angles
change abruptly in several locations, suggesting that the
fault zone may consist of a series of fault blocks with
varying structural attitudes. Regardless, the landforms
described in the process of surficial mapping are the
only small-scale, structurally controlled bedrock landforms yet to be described from Nebraska. In a general
sense, they are miniature subdued versions of structurally controlled ridges in the far-off foothills of the Colorado Rockies.

Eolian Sand Sheets in the Western Platte Valley
For the first time, mappers of the area directly west
of the town of North Platte, Nebraska, have identified
several elongate and “tonguelike” eolian (windblown)
sand sheets (Fig. 6). Eolian sand sheets are low relief (<3
m) deposits of sand that typically lack dune morphologies and slipfaces (steep surfaces down which wind-
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transported sand cascades). Sand sheets form where
sand availability is limited or where environmental conditions have not persisted for an adequate time period
to allow for the formation of actual dunes.
The sand sheets in the western Platte Valley were first
mapped in the Hershey West Quadrangle (Young et al.
2013) and the abutting Hershey East Quadrangle (Hanson et al. 2015). Individual sand sheets are as much 2,200
m long and 600 m in width. They overlie alluvial terraces of the North Platte River, which are approximately
3–4 meters above the present floodplain of the Platte
River. Sand sheets mostly exhibit 2 m or less of relief, but
locally they exceed 5 m in relief. Nearby and much larger dunes in the Nebraska Sand Hills lie 25–40 m higher
than the river’s terraces, and they were mapped as dome
or domelike dunes (Swinehart 1998). The sand sheets
are connected to the dunes, and the intimate geographic
relationship between the two kinds of features indicates
that the sand sheets were sourced from the dunes. In
other words, sand from the dunes of the Sand Hills was
blown onto the terraces in the river valley. It is not yet
known whether the sand sheets formed in one or multiple events, but it is likely that sand was moving the last
time the Nebraska Sand Hills were an active dune field,
approximately 1,000 years ago, during the Medieval Climatic Anomaly (Miao et al. 2007).

Sand Ridges in the Eastern Platte River Valley
Numerous unusual sand ridges (Fig. 7) have been
identified in multiple places along the Platte River Valley from Duncan, Nebraska, eastward to South Bend
through surficial geologic mapping. Sand ridges lie on
the Platte River’s present floodplain or on low-lying
terraces in the valley. Although they are quite striking,
they had not been described in the scientific literature
prior to surficial geologic mapping at the turn of the
21st century (Mason and Joeckel 2001a, 2001b). They
are obvious topographic anomalies, having been utilized by people in various ways, most impressively as
high-ground locations for homes on the floodplain.
Sand ridges were first identified between Fremont and
Ashland in the eastern Platte Valley by Mason and Joeckel (2001a), and they are particularly prominent on
surficial geologic maps of Schuyler (Young et al. 2010),
Silver Creek SE (Hanson and Young 2008), and Valley
(Mason and Joeckel 2001b).
Most sand ridges in the Platte Valley are oriented

Figure 5. A new discovery from surficial mapping in southeastern Nebraska. Examples of structurally controlled landscape features associated
with gently deformed Pennsylvanian bedrock strata (Willard Formation, Burlingame Limestone, and Scranton Formation) in US Geological Survey Dubois 7.5-Minute Quadrangle. a. Location map. b. View toward east-southeast in Pawnee County showing gently dipping, resistant limestone beds forming distinct benches in the hillside. Field of view at midrange is approximately 500 m. c. Slope map and topographic contours
(intervals of about 3 m, or 10 ft) derived from LiDAR (light detection and ranging); dark linear bands in slope map were identified as limestone
beds through field mapping. Note discordance between limestone beds and topographic contours. d. Portion of surficial geologic map (Korus
et al., 2014) showing changes in elevation on as much as 30 m of contacts between mapped strata. Dark blue lines are Pennsylvanian limestone
beds identified in slope map. Numbers indicate slope in degrees.
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roughly parallel to either existing or abandoned channels of the river. Most of the ridges range from 30 to
120 meters in width and have lengths of 500 to 4,000
m. Many ridges are lower than 2 m in height, but a few
ridges attain heights of as much as 6 m above the present
floodplain. Coring indicates that ridges consist mostly
of fine- to medium-grained sand, but also that they contain a few thin beds of coarse-grained sand and granules.
The genesis of the Platte Valley sand ridges is still a
mystery. They may be unique to the Platte River or at
least uncommon in similar river systems worldwide. In
fact, we have not yet found parallel examples of these
features in literature describing diverse other braided
river systems. Hypotheses of eolian and fluvial (river)
origins for the ridges have undergone some preliminary
scientific testing, and the results seem to favor the latter.
Assuming that the sand ridges were produced by river
processes—rather than eolian ones—further research
on them will assist in the reconstruction of past flow
conditions on the Platte River.

Conclusion
Geologic maps and mapping of Nebraska continue to
provide information to the scientific community and
the greater public. The statewide bedrock map of Nebraska reveals a pattern that formed over millions of
years in response to far-off and regional movements of
Earth’s crust (mountain-building events to the west and
south) and long-term erosion, chiefly by streams. In effect, it tells a long and complicated story about time and
place, about which we still know little. Surficial geologic
maps tell other stories. Such maps now being produced
in Nebraska help us understand how the landscape
upon which we live evolved in more recent geologic
times, especially since the beginning of the Pleistocene
Epoch. Surficial geologic maps are also valuable in the
understanding of soils, the assessment of sand, gravel,
and construction-fill resources, in land management
and water resources, and in characterizing geologic
hazards such as landslides and the potential for ground
motion and shaking during earthquakes.
More than 170 years were required to attain the present state of geologic mapping in Nebraska, but much
more work remains to be done. Major directives that
should be addressed include (1) continued detailed digital mapping of surficial geology at the scale of 1:24,000
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and the compilation of those results into larger-scale
maps; (2) the production of a new digital statewide bedrock geologic map, preferably at the scale of 1:500,000
(thus comparable in important ways with maps in some
adjacent states); and (3) the production of a “working”
digital statewide map of surficial geology at the same
scale. The revised bedrock geologic map of Iowa required
more than 12 years of work by multiple geologists, and it
is substantively different from earlier versions because
new data sources, scientific research, and digital technology were incorporated (Anderson and Witzke 2010;
Witzke et al. 2010). A new digital bedrock map of Nebraska would require similar investments of time, effort,
and technology. Progress in surficial geologic mapping
in Nebraska remains at an early stage. At the present rate
of production, surficial geologic mapping in Nebraska at
the scale of 1:24,000 could continue for decades, yielding important scientific results all the while. Yet other
kinds of geologic maps of Nebraska require revision or
even complete remaking, particularly in digital formats.
Examples include the statewide map of the basement
rock surface, as well as basement rock types, structurecontour maps of key stratigraphic levels, and various
kinds of hydrogeologic maps.
The quantum jump that mapping technology has
made in the past two decades has set geologic mapping
on a seemingly auspicious trajectory around the world,
including in Nebraska. Unfortunately, there are practical constraints on the implementation of new geologic
mapping, which apply almost universally as well. These
constraints can be summarized in three questions: (1)
Who—in a position of authority—will recognize and
decide that geological mapping should to be done and
promulgate its importance? (2) Who is qualified to do
the mapping—in whose purview does the activity lie—
and who, specifically, will actually do the mapping? (3)
Who will pay for the mapping? These questions are all
open in nature, and somewhat beyond the scope of
this article, but we offer some opinions. Regarding the
first and second questions, we believe that a significant
part of the prioritization and performance of geologic
mapping should remain in the hands of state geological
surveys (e.g., the Conservation and Survey Division)
in cooperation with the US Geological Survey, as it is
today in the STATEMAP program. As long as a state
geological survey can employ qualified, dedicated geologists, it will be the best source of local to regional
earth science knowledge. The third question, however,

Figure 6. A new discovery from surficial mapping in the Platte Valley in US Geological Survey Hershey East 7.5-Minute Quadrangle. (Top)
Digital elevation model showing three small, tonguelike sand sheets consisting of sand blown from the Sand Hills southward onto a terrace
of the Platte River. (Bottom) Portion of surficial geologic map (Hanson et al. 2015) showing same area; sand sheets (Qes_ss) extend from dune
deposits (Qes_d) onto middle to late Holocene alluvium of Platte River (Qap_N3) that is slightly higher in elevation relative to slightly younger
alluvium (Qap_N2)
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Figure 7. Another new discovery from mapping in the Platte Valley in US Geological Survey Silver Creek Southeast 7.5-Minute Quadrangle. (Top)
Digital elevation model showing prominent sand ridge between Platte River (right) and South Channel Platte River (left). (Bottom) Portion of
surficial geologic map (Hanson and Young 2008) showing same area; sand ridge (Qap_SR) extends between areas mapped as Holocene alluvium
of Platte River (Qap1b, Qap2).

reflects the most powerful constraint of all on the practice of geologic mapping. It is all the more relevant in
an era of reorganizations, downsizing, and budget cuts
in state geological surveys in the US (Buchanan 2016)
and at a moment in time—that during which this article was written—when funding for the US Geological
STATEMAP Cooperative Mapping Program faces potential reduction.
We are compelled to admit that geologists can be
introverted and that they do not uniformly excel at
communicating the relevance of what they do with other scientists, much less with the general public. These

shortcomings may be at the root of some of the poor
societal understanding and lack of general appreciation
for geologic maps. Nevertheless, there are “teachable
moments,” like the public concern over the Keystone
XL pipeline extension that has emerged in Nebraska,
which should be embraced as opportunities to inform
the public about geologic maps and their value. These
events should also cause geologists to reflect on whether
or not geologic mapping is appropriately and adequately
serving the public interest. Nevertheless, there is ample evidence that geologic mapping in general remains
a scientifically sound and societally relevant endeavor.
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